We considered the changes in the luminescent properties in the series of neodymium(III) complexes of various coordination types with different tetrapyrrole macrocycles (porphyrins, phthalocyanines and corroles): mononuclear complexes (metal-
Люминесцентные свойства соединений неодима(III) с различными тетрапиррольными макроциклами
was very weak, so we did not take it into account). Spectra of molecular fluorescence of porphyrins, corroles and phthalocyanines were registered at 550-800 nm (S 1 -S 0 transitions). Luminescence integral intensity was measured using software of the device. The relative quantum yield of molecular fluorescence was determined using solution of Zn-tpp (H 2 tpp -5,10,15,20-tetraphenylporphyrin) in ethanol as a primary standard (0.022). [7, 11] Determination of the relative quantum yield (accuracy is ±10 %) of molecular fluorescence and 4f-luminescence was made using formula:
where φ 0 and φ х -luminescence quantum yield of the standard and of the sample, respectively, A 0 and A x -absorption at the wavelenght of Soret band of the standard and of the sample, respectively, I x and I 0 -integral luminescence intensity of the standard and of the sample, respectively, n 0 and n x -refractive index of the standard solvent and of the sample solvent, respectively. Fluorescence lifetime was measured under excitation at the Soret band.
Results and Discussion
All polytopic porphyrins and corroles were synthesized through the acylation of parental aminoderivatives (H 2 atpp -5-(4-aminophenyl)-10,15,20-triphenylporphyrin and H 3 dpfc -10-(4-aminophenyl)-5,15-di(pentafluorophenyl)corrole) by bis-anhydrides (BA) of aminopolycarbonic acids (ethylenediamine-N,N,N',N'-tetraacetic acid, H 4 edta and diethylenetriamine-N,N,N',N',N''-pentaacetic acid, H 5 dtpa). The structure of all studied compounds (ligands and complexes) is presented in Figure 1 . Unfortunately, neodymium-porphyrins are labile compounds, but the complex Nd-tpp(Acac) (Acac -acetylacetonate) was used only for comparison. The lanthanide complexes with the functionalized porphyrins and corroles are formed with ratio Ln:L=1:1.
Thus, in this work we consider several types of Ndcomplexes: mononuclear complex (metal-ligand ratio 1:1), double-decker complex (metal-ligand ratio 1:2), peripheral binding (on the base of ditopic tetrapyrrole, metal-ligand ratio 1:1).
Previously we showed that peripheral complexes Ln-edta-tetrapyrroles have two coordinated water molecules, while the Ln-dtpa-tetrapyrroles do not contain water in their structure. This difference was attributed to the larger coordination number of the lanthanide ions in dtpa-derivatives than in edta-derivatives. [7] Note, that water is undesirable component of the inner coordination sphere of Nd ) and such an excitation of vibration state leads to effective quenching of the
Introduction
One of the most important parts of investigations in the field of lanthanides is their opportunity to form luminescent compounds with different organic chromophores. Luminescence properties of such compounds always depend on the nature of the lanthanide ion and the chromophore, which are included in the structure of such complexes, theirs quantity, medium and other factors. [1] Note that 4f-luminescence (luminescence of 4f-elements) in the near infrared (NIR) region is one of the most demanded for medicine (as markers) and technology (as a base for optical devices like fiber-optics, etc.) due to several very important reasons:
-light of NIR range can penetrate biological tissues much more effectively in comparison to UV/VIS ranges (UV -ultraviolet, VIS -visual) due to the weak overlapping with absorption of bioobjects; -NIR light is absolutely safe for human in comparison to UV range, which action can generate dangerous radical species; -NIR photons undergo much less scattering in comparison to UV/VIS light. Tetrapyrroles are the best candidates for obtaining NIR emitting objects. Their low-energy donor triplet (T) levels are suitable for intramolecular energy transfer to the resonant levels of such NIR emitting lanthanide ions like Nd . These macrocycles have a very strong absorption in near UV region and in visual region.
Lanthanide porphyrins as NIR-emitting agents have been studied starting from 1974. [2] It is interesting that porphyrins were the first macrocyclic compounds that showed sensitization of 4f-luminescence. The investigation of these compounds always deals with several main drawbacks such as relative lability (a result of discrepancy of the core of porphyrins and lanthanide ions radii; only some lanthanide ions have stable complexes with porphyrins due to lanthanide compression) and relatively low efficiency of NIR emission of lanthanide ion. To avoid the problem of stability of complexes there were presented different approaches of external porphyrin-lanthanide binding, reviewed in [3] . It is very important to mention that there is no any significant decreasing of 4f-emission efficiency under such conditions of sensitization. [4] Recently the first example of near-infrared 4f-luminescence of sanswich type lanthanide phthalocyanines was demonstrated using Er(III) and Yb(III) complexes. [5] Many systems containing Nd 3+ have been regarded as the most popular luminescent materials for laser system applications.
[6] Thus, we have investigated influence of different parameters of the structure on their luminescent properties and stability: e.g. nature of tetrapyrrole, quantity of metal ions and the type of coordination.
Experimental
Syntheses of the corrole, porphyrin and phthalocyanine derivatives, as well as their complexes were described previously. [4, [7] [8] [9] [10] Spectra of molecular fluorescence, 4f-luminescence and excitation spectra were recorded on a spectrofluorimeter "Flu- 
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Corroles
Absorption spectra of ditopic corroles metallated by the peripheral polydentate binding site with Nd(III) have near-UV Soret band maximum at 410 nm, and two Q-bands in the visual range with λ max =568 and 615 nm. Note, that there are no any changes in absorption spectra of Nd-edta-H 3 dpfc·2H 2 O and Nd-Hdtpa-H 3 dpfc in comparison with parental ditopic ligands H 3 dpfc-H 3 edta H 3 dpfc-H 4 dtpa.
The quantum yields of 4f-emission (φ 4f ) for the Nd-H 3 dpfc-edta and Nd-H 3 dpfc-dtpa were 2. , respectively. Note, that there is no any significant effect of the paramagnetic ion on the molecular fluorescence (vide infra). The molecular fluorescence lifetime measurement curves were monoexponential in all cases. There is also an effect of methanol vs. DMF solutions on fluorescence lifetimes and the quantum yields of both fluorescence and 4f-emission. The values in methanol solutions were consistently found to be smaller than in DMF (Table 1) , which may be attributed to more effective vibrational accepting modes for nonradiative energy decay in methanol.
Porphyrins
The absorption spectra of Nd-edta-H 2 atpp·2H 2 O and Nd-Hdtpa-H 3 dpfc in DMF are typical for metal-free porphyrins, and its bands are only slightly shifted to longer wavelengths with respect to parental H 2 atpp, despite the bulky substituent in one of the phenyl cycles, which is coordinated with Nd(III) ion. Both complexes have the same spectra: near-UV Soret band maximum at 419 nm, and four Q-bands in the visual range with λ max =515, 550, 591 and 647 nm.
As described earlier, quantum yield of 4f-luminescence depends on coordination number of lanthanide ion. In case of peripheral complexes Nd is coordinated by edta and dtpa. Coordination numbers of Nd in edta less than in dtpa. The latter results in the same values of quantum yield in all kind of dtpa-derivatives studied and more less values of the one in all kind of edta-derivatives (Table 1) . It can be easily explained, as complexed lanthanide ion with low coordination number in solution has much inclination to form donoracceptor bond with additional ligands (e.g. solvent molecules) than ion with greater coordination number. Additonal complexation on lanthanide ion can result in non-radiative photochemical processes, which decrease quantum yield value (see above).
Note, that almost all of studied peripheral complexes have two types of emission (like in case of ditopic corroles): porphyrin molecular luminescence with basic band λ max ≈650 nm and 4f-luminescence of neodymium with band λ max ≈890 and ≈1060 nm.
The complex Nd-tpp(Acac) doesn't fluoresce. In this case paramagnetic ion is coordinated directly to the chromophore macrocycle, which results in full molecular fluorescence quenching.
Phthalocyanines
Absorption spectrum of double-decker sandwich compound of neodymium tetra(15-crown-5)phthalocyaninate consists of Soret band with maximum at 368 nm (Table 1) in the near UV-range and intensive Q-band with maximum at 669 nm in the visible range. Less intensive absorption band with maximum at 480 nm is also observed, which is typical for electroneutral radical forms of the doubledecker complexes of the structure [Phthal] 2-Ln
The electronic absorption spectrum of triple-decker complex Nd 2 -Phthal 3 reveals two Q-bands (intensive Q 1 -band with maximum at 640 nm and less intensive Q 2 -band with maximum at 707 nm), as well as Soret band at 362 nm.
The molecular fluorescence of the poly-decker neodymium-phthalocyaninates was observed at the noise level, so its quantum yield (φ ML ) is hard to be determined. The reason of the latter is the same as for the complex Nd-tpp(Acac).
Essential 4f-luminescent signal was fixed only in the double-decker Nd complexes, while triple-decker complex showed it at very low and undetectable value.
Comparison of the fluorescent and 4f-luminescent properties
Molecular fluorescence of the studied compounds has strong dependence on the type of Nd(III) coordination. Thus, porphyrin and phthalocyanine complexes Nd-Phthal 2 , 
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Nd 2 -Phthal 3 and Nd-tpp(Acac) have a very low quantum yields of molecular fluorescence. On the other hand, all peripheral complexes have relatively good value of the φ ML . Note, that due to extreme instability of the directly coordinated lanthanide-corroles, we can not provide their photophysical data. [7] All the results presented so far indicate that the peripheral complexes are dual-range emitters: tetrapyrrolebased molecular fluorescence in visual range and 4f-luminescence in the NIR range. Thus, dual emission observed at RT in aerated solutions, while all macrocyclic tetrapyrroles exhibit NIR emission as phosphorescence only at deoxygenated conditions and usually in frozen solutions. [12] The distance between the paramagnetic ion and the chromophore is so large that there is no perturbing effect of the former on the photophysical properties of the latter. This is very different from the case of metallation of tetrapyrrole rings with paramagnetic lanthanide ions, where energy transfer from the excited chromophore to the lanthanide is quantitative and no residual fluorescence is obtained. [13] 4f-Luminescence is observed in almost all studied Ndcomplexes as a result of intramolecular transition of excitation energy. Low quantum yield of 4f-luminescence (φ 4f ) in case of triple-decker sandwich compound of neodymium can be explained with self-quenching in pair lanthanide-lanthanide (because of energy exchange between Nd ions), [14] since they are located very close to each other.
Low 4f-luminescence efficiency of the peripheral atppcomplexes is based on low interaction of donor (chromophore) and acceptor (Nd(III) ion) in comparison to directlycoordinated complex. On the other hand, the main advantage of such approach is keeping the value of the molecular fluorescence efficiency.
Spectral-luminescent data of the corrole-based Ndcompounds are unusual. Thus, φ 4f of peripheral complex Ndedta-H 3 dpfc·2H 2 O is comparable and even a little bit more than for Nd-tpp(Acac). The main assumption for this phenomenon deals with sensitization mechanism (Figure 3 ). The energy of the lower triplet state of the studied corrole (which is traditionally donor level for the resonant level of Ln ion) is undetectable, since free corroles do not phosphoresce.
So, the mechanism of sensitization probably has another or additional pathway through the lower singlet state. 
Conclusions
4f-Luminescence of the neodymium(III) complexes with different tetrapyrrole macrocycles (porphyrins, phthalocyanines and corroles) was compared for the first time. It was proposed that binding type plays a key role in formation of energy relaxation pathways in the molecule. Corroles have unusual behaviour in terms of Nd sensitization and it requires more deeper analysis.
